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Abstract 



PURPOSE:To provide a sample measuring probe device capable of measuring a sample held in a liquid 
in the noncontact mode. 

CONSTITUTIONS sample 1 is immersed and held in a water solution 2 in a petri dish 5 held on a 
sample hold base 14, and an elastic body 4 supporting a probe 3 at the free end is supported on an 
inside supporter 9 excitably by a vibration drive body 12. The length of the probe 3 is set so that the 
elastic body 4 is kept in no contact with the surface of the water solution 2 when the tip of the probe 3 is 
moved near to the sample 1 . Bellows 6-1, 6-2 are inserted between an outside supporter 10, the lower 
end section of the inside supporter 9, and the sample hold base 1 4, an airtight space 1 8 is formed 
between the petri dish 5 and the elastic body 4, and the airtight space 18 is connected to a steam source 
via a valve 7 to constitute a sample measuring probe device. 
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(57)Abstract: 

PURPOSE: To provide a sample measuring probe 
device capable of measuring a sample held in a liquid in 
the noncontact mode. 

CONSTITUTION: A sample 1 is immersed and held in a 
water solution 2 in a petri dish 5 held on a sample hold 
base 14, and an elastic body 4 supporting a probe 3 at 
the free end is supported on an inside supporter 9 
excitably by a vibration drive body 12. The length of the 
probe 3 is set so that the elastic body 4 is kept in no 
contact with the surface of the water solution 2 when the 

tip of the probe 3 is moved near to the sample 1 . Bellows " """ * 

6-1, 6-2 are inserted between an outside supporter 10, 
the lower end section of the inside supporter 9, and the 
sample hold base 14, an airtight space 18 is formed 

between the petri dish 5 and the elastic body 4, and the airtight space 18 is connected to a 
steam source via a valve 7 to constitute a sample measuring probe device. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
- precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A means to hold a sample in a liquid. The elastic body which intersected perpendicularly with 
the free end mostly and held the probe. The driving source which gives fine vibration of predetermined 
frequency to this elastic body. Detection equipment which detects change of the frequency of fine 
vibration of the aforementioned probe when the nose of cam of the aforementioned probe approaches 
near the sample. It is the probe equipment for sample measurement equipped with the above, and is 
characterized by setting up the length of the probe held to the aforementioned elastic body so that the 
aforementioned elastic body cannot touch the aforementioned liquid front face, when the nose of cam of 
this probe approaches near the sample. 

[Claim 2] Probe equipment for sample measurement characterized by having a means to maintain the 
distance on the aforementioned sample front face and the front face of a liquid to a predetermined value, 
in the probe equipment for sample measurement according to claim 1 . 

[Claim 3] A means to hold a sample in the aforementioned liquid is probe equipment for sample 
measurement according to claim 1 or 2 characterized by being arranged so that the liquid level may 
touch airtight space. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the probe equipment for sample measurement which 
could be made to perform measurement of a high resolution faithfully, without giving distortion also to 
the sample held in the liquid which has especially viscosity about the probe equipment for sample 
measurement used for the equipment similar to an atomic force microscope (AFM) and it. 
[0002] 

[Description of the Prior Art] Conventionally, the variation rate produced in the elastic body holding a 
probe according to the force between atoms of acting at the nose of cam of a probe close to a sample and 
a sample is detected, and the atomic force microscope which acquired the surface irregularity 
information on a sample etc. is known. Although there are an optical interferometer method, the optical 
focus detecting method, the optical TEKO method, etc. as method of detecting the variation rate 
produced in the elastic body in this atomic force microscope, since the optical TEKO method is easy to 
constitute and detection sensitivity is also good, generally it is often used, floodlighting light into the 
portion with the largest variation rate of an elastic body, and carrying out the monitor of the reflected 
light by this optical TEKO method, -- minute ~ change of a variation rate can be detected now 
[0003] Moreover, the atomic force microscope which prepared the liquid cell which there is a request of 
measurement to the biological material in liquids, such as a cell, a cell membrane, and DNA, recently, 
for example, wraps a scanning probe in U.S. Pat. No. 4,935,634 (JP,2-284015,A) is indicated. The 
elastic body prepared into the liquid cell in the atomic force microscope currently indicated by this 
patent Have the optical TEKO detection system which consists of a laser light source and a photo 
detector, and the sample is arranged into the liquid on the jogging element which used the piezo-electric- 
crystal element. An elastic body can be relatively scanned along with a sample by the jogging element, 
the displacement signal of the elastic body obtained from a photo detector in the meantime can be 
imaged, and the topography image on the front face of a sample can be obtained now with the degree of 
superresolution. 

[0004] However, if load-rate [ of the cantilever from which a measurement sample constitutes the elastic 
body holding a probe in the case of the biological material in a cell, a cell membrane, and a liquid like 
DNA ] k (c) is larger than load-rate [ of the cell membrane which is also an elastic body ] k (b) (i.e., if a 
probe is brought close to a sample in k(c) >k (b)), mutual contact will be started and both spring force 
will balance by the force F between atoms. That is, F=k(c) xd(c) =k(b) xd (b) is materialized. Here, d (c) 
is the variation rate of a cantilever and d (b) is the variation rate of a cell membrane, this time — 
variation-rate [ of a cell membrane ] d (b) - variation-rate [ of a cantilever ] d (c) - for example, - if 
large 10 or more times - detection predetermined in [d(b)/d(c) > 10] and a cantilever - distortion will be 
given to a cell before reaching a variation rate 

[0005] In order to avoid this problem, it is coming to use the non contact mode (attraction : Van der 
Waals force) measuring method with which the conventional cantilever is indicated by not the contact 
mode (repulsive force) measurement in contact with a sample but JP,63-309802,A recently. This non 
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contact mode measuring method is the method of measuring the shape of surface type, before giving 
distortion to samples, such as a living body, using the principle of the oscillating study to which a probe 
nose of cam is restrained by the Van der Waals force from a sample front face, and the resonance 
- frequency of a cantilever falls with it, if a cantilever is vibrated by resonance frequency and about 1- 
lOnm of probe noses of cam approaches to a sample front face. Value [quality factor of Q as an amount 
which shows the grade of attenuation of vibration system by this method so that change by the Van der 
Waals force of the resonance frequency of a cantilever may become size :Q=l/(2zeta), zeta: Use the 
high cantilever (generally for resonance frequency, a load rate is the thing of 1 or more N/m above 
50kHz) of damping ratio]. In this case, although the photodetection method using the largest portion of 
the vibration amplitude of a cantilever is effective in detection of change of this resonance frequency, 
the change in resistance of the piezoresistance built in the capacity change detecting method or the 
elastic body can also be used. 
[0006] 

[Problem(s) to be Solved by the Invention] As mentioned above, the above-mentioned non contact mode 
measurement is effective in the sample a sample front face indicates elasticity to be. However, the 
sample may be held in the liquid as mentioned above. In order to observe the structure of the front face 
etc. with an atomic force microscope, living a biological material since the moisture in a cell will also 
penetrate a cell membrane and it will dehydrate if especially the biological material exists while the cell 
had been useful with moisture, and surrounding moisture evaporates, biological materials, such as a cell, 
need to be dipped in solution or other organic solvents. 

[0007] When carrying out non contact mode measurement in a liquid, the following troubles produce 
such a biological material etc. That is, in what is marketed as mentioned above as a cantilever for non 
contact modes with large (50kHz) resonance frequency, it is NANOPROBE. Although there is a 
cantilever of a shrine, from the silicon base material, this cantilever starts the cantilever section, a 
cantilever supporter, and the probe section by etching processing, and forms, and the length of a 
cantilever is [ 5 micrometers and the probe length of 100 to 300 micrometer and thickness ] 10-15- 
micrometer microstructures. Therefore, if a probe nose of cam approaches the sample in a liquid, the 
whole cantilever and a supporter also have the trouble of being dipped in a liquid. 
[0008] On the other hand, a cantilever, i.e., an elastic body, can perform inertia movement which has the 
stability in which the free end stores the potential energy in vibration in the above-mentioned non 
contact mode. Since there is no fly off of the energy by the viscous drag when resonance movement by 
resonance frequency is excited in a vacuum or the small atmosphere of a viscous drag to this cantilever, 
there is no attenuation of an amplitude and periodic excitation by the sine wave can be performed. 
[0009] However, if a cantilever is excited in a gas with a liquid or viscosity, it will act, the viscous drag, 
i.e., the damping force, proportional to an effective area and the velocity of vibration perpendicular to 
the oscillating direction, and an amplitude will be decreased. Therefore, since large next door angular 
velocity is [ an amplitude ] size and the fly off of energy is intense as it goes to the free end from the 
fixed end although a viscous drag acts all over a cantilever when a cantilever is excited in a liquid with a 
viscous drag, reduction in an amplitude becomes large and excitation is suppressed. It will become 
impossible therefore, to bury and detect the Van der Waals force from the sample front face originally 
expected by non contact mode measurement in the force by the viscous drag. 
[0010] this invention is what was made in order to cancel the above-mentioned trouble in the probe 
equipment of the conventional non contact mode measurement. The force between atoms of acting 
between the probe nose of cam held at the elastic body and a sample is changed into the variation of 
vibration of an elastic body. In the probe equipment used for the atomic force microscope which 
controls the distance between a sample and a probe and obtained the topography image of a sample by 
controlling the variation uniformly, for example It aims at offering the probe equipment for sample 
measurement which could be made to perform non contact mode measurement, without giving 
distortion to a sample also to the sample prepared into the liquid. 
[0011] 

[Means for Solving the Problem and its Function] A means by which this invention holds a sample in a 
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liquid in order to solve the above-mentioned trouble, The elastic body which intersected perpendicularly 
with the free end mostly and held the probe, and the driving source which gives fine vibration of 
predetermined frequency to this elastic body, In the probe equipment for sample measurement which has 

- detection equipment which detects change of the frequency of fine vibration of the aforementioned 
probe when the nose of cam of the aforementioned probe approaches near the sample When the nose of 
cam of this probe approaches near the sample, the length of the probe held to the aforementioned elastic 

" body is set up so that the aforementioned elastic body cannot touch the aforementioned liquid front face. 

[0012] Thus, even if it makes it approach near [ the ] the front face by constituting for sample 
measurement of a probe The ** in which the elastic body holding the probe does not touch a liquid front 
face, therefore an elastic body does not receive the viscous drag of a liquid, The probe prepared by being 
excited by the driving source by the resonance frequency, and intersecting perpendicularly with the free 
end of an elastic body mostly approaches the sample in a liquid, and resonance frequency changes in 
response to the force between atoms from a sample front face. Thereby, non contact mode measurement 
of the sample maintained in the liquid is attained. 
[0013] 

[Example] Next, an example is explained. Drawing 1 is the outline block diagram showing the 1st 
example of the probe equipment for sample measurement concerning this invention. For the probe 3 
which 1 is a sample in drawing, and this sample 1 is dipped in solution 2 in a petri dish 5, is held, and 
carries out non contact mode measurement of the front face of a sample 1, the nose of cam of a probe 3 
is the sample front face SS to the free end (if an elastic body is a diaphragm or both the **** spring, 
they are a center or a center) of the elastic body 4 excited by the resonance frequency by the oscillating 
driver 12. It is supported so that it may counter. And the elastic body 4 and the oscillating driver 12 are 
held at the inside base material 9. On the other hand, the petri dish 5 is held through bellows 6-1 on the 
sample base 14, and the sample base 14 is connected to the scanner which is illustrated and is not, and it 
can scan a sample 1 now horizontally (x, the direction of y). In addition, the other end of bellows 6-1 is 
attached in the outside base material 10. 

[0014] Moreover, in order to detect the variation rate (change of resonance frequency) of a probe 3, 
arrange a laser light source 13 and a light sensitive cell 1 1 above an elastic body 4, and floodlight a laser 
beam to reflector 4a of an elastic body 4, it is made to reflect in it, and the variation rate (variation rate 
from real line position to a dotted-line position) of an elastic body 4 is detected in response to the 
reflective beam by the light sensitive cell 1 1. The displacement detection system which consists of a 
laser light source 13 and a light sensitive cell 1 1 is constituted in one with the inside base material 9 and 
the outside base material 10 holding an elastic body 4 and the oscillating driver 12, and it is fixed free 
[ attachment and detachment ] through bellows 6-2, and by removing the inside base material 9, the edge 
of the outside base material 10 and the inside base material 9 is constituted so that it may become 
exchangeable [ a sample 1 or a probe 3 ]. 

[0015] Moreover, the sample 1 dipped in a probe 3 and solution 2 It is arranged in bellows 6-1, and the 6 
space 18 mostly airtight-ized by -2 and base materials 9 and 10, and this space 18 minds the bulb 7 
prepared in the outside base material 10. A moisture source, other gases 2, for example, CO, and 02 It 
connects with a source, the gas pressure force in space 18 is controlled, and it is the solution front face 
SW. Sample front face SS It is controlling so that distance becomes the smallest possible predetermined 
value (0.2mm following). Moreover, for the length of a probe 3, the nose of cam of a probe 3 is the 
sample front face SS at least. When it approaches, an elastic body 4 is the solution front face SW. It is 
set as the length which cannot be touched. In addition, space 18 can maintain airtightness by 
compensating the inside base material 9 with a glass plate 19, when both the **** spring is used as an 
elastic body 4. Moreover, in order to control the vapor pressure in the airtight space 18, you may control 
the temperature in the airtight space 18 by the heater with a temperature control which is not illustrated. 
[0016] Moreover, case [ whose sample 1 is / like a cell ], optical observation is effective, and the 
lighting means 17 to which for the reason used the objective lens 16 under the petri dish 5, and it used 
the fiber etc. above the elastic body 4 can be established. This optical system accepts the need again and 
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is the sample front face SS. Solution front face SW It can act as the monitor of the position. Moreover, 
the inside base material 9 is directly constituted in the cylinder actuator equipped with the piezo electric 
crystal etc. instead of the scanner by the side of the above-mentioned sample, and you may make it scan 
a probe 3 for the relative scan of a sample 1 and a probe 3. 

[0017] Drawing 2 is the outline block diagram showing the 2nd example, and attaches and shows the 
same sign to the same as that of the 1st example, or the corresponding member. In this example, the 
elastic body 4 excited with the oscillating driver 12 which held the probe 3 to the free end is supported 
by the inside base material 9, and this inside base material 9 is supported possible [ vertical sliding ] in 
the interior of the outside base material 20. In addition, it is good to fill up an airtight with a silicone oil 
in the sliding section at a ** sake. 22 is a glass plate, while the covering 21 made of plastics or rubber is 
arranged between the front face of this glass plate 22, and the outside base material 20 soffit section and 
forming a closed space 18 in the surroundings of a probe 3, solution 2 is injected into the portion 
surrounded by base 21a of a glass plate 22 and covering 21, and the sample 1 is held in this solution. 
Moreover, the liquid-level-control equipment which is not illustrated is connected to solution 2 like the 
1 st example through the bulb 7 prepared in the pars intermedia of covering 21 . 

[0018] The electrode 24 shorter than the length of a probe 3, the electrode 23 of almost equal length, and 
this electrode 23 is formed in the edge of an elastic body 4 in the protrusion direction of a probe 3. And 
when a probe 3 descends and two electrodes 23 and 24 contact the oil level of solution 2 before the 
probe 3 approached the sample front face, liquid-level-control equipment is driven and the oil level of 
solution 2 is controlled. Moreover, it is constituted so that displacement detection of the elastic body 4 in 
this example may be performed by forming the fiber 25 of a fiber interferometer in the interior of the 
inside base material 9, and detecting interference with end-face 25a of this fiber 25, and central reflector 
4a prepared in the elastic body 4. 

[0019] Thus, the inside base material 9 is dropped exciting the elastic body 4 holding the probe 3 with 
the oscillating driver 12, and a probe 3 is made to approach the sample front face in solution in the 2nd 
constituted example. If the short electrode 24 contacts the oil level of solution 2 and detects an oil level 
before a probe 3 detects a sample front face in that case, the liquid-level-control equipment connected 
through the bulb 7 will operate, and an oil level will be lowered. Therefore, a probe 3 can scan and 
measure a sample, without an elastic body 4 touching the oil level of solution 2. 

[0020] Next, the 3rd example is explained based on drawing 3 . This example forms the space 18 which 
the above 1st and the 2nd example airtight-ized, forms the thin oil film 26 in the front face of solution 2 
to controlling evaporation of a liquid, and condensation, and it constitutes it so that it may prevent 
solution 2 evaporating from a front face. As oil which forms an oil film 26, the mineral oil marketed in 
the optical microscope field is used. As an example of a mineral oil, it is Saybolt Universal seconds. 
Shrine make Product made from Heavy white oil and Molecular Biology Reagents There is Light white 
oil etc. 

[0021] moreover, front face SS of a sample 1 Front face SW of solution 2 the bulb 7 prepared in the 
petri dish 5 as a means to control distance, and rubber ~ the capillary 29 connected through the conduit 
28 is used The capillary 29 is constituted possible [ vertical movement ], as an arrow 31 shows with the 
vertical driving gear which cooperates to a supporter 30 and which is not illustrated. Moreover, in the 
petri dish 5, the oil film isolation equipment 27 which controls the thickness of an oil film 26 is formed 
so that oil film area may be extended or reduced, and it can move, as an arrow 32 shows. In this 
example, since the airtight space 18 is not formed, what formed the long probe 3 in this can use it 
convenient using cantilever 4' made from silicon or stainless steel as an elastic body. 
[0022] Next, control of the oil level of the solution 2 in this example is explained. Oil level SW of 
solution which has dipped the sample 1 Before a mineral oil is dropped upwards, oil film isolation 
equipment 27 is moved and the surface area of the oil level of the portion to measure is made into small 
area. When a mineral oil is dropped at the oil-level field made into small area and the thickness of oil 
film 26a is too thick, oil film isolation equipment 27 is moved, an oil-level field is expanded, and an oil 
film is made thin as much as possible. Next, a capillary 29 is dropped and it is the oil level SW of 
solution 2. Front face SS of a sample 1 When it brings close enough and the nose of cam of a probe 3 
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approaches the front face of a sample 1, it controls to be unable to touch the oil film 26 to which 
cantilever (elastic body) 4' is wearing the front face of solution 2. Thereby, cantilever 4' is an oil level 
SW. A probe 3 can scan and measure a sample, without touching the upper oil film 26. 
[0023] Next, the example of composition of the probe unit containing the probe used in this invention 
and a probe, and an elastic body is explained based on drawing 4 . (A) of drawing 4 and (B) fix the ends 
of an elastic body 4 to the probe maintenance block 42, and show the probe unit 41 which arranges and 
constituted the probe 3 in the free end of an elastic body 4. The probe maintenance block 42 can process 
and form a silicon substrate by anisotropic etching or RIE (reactive ion etching), and can also constitute 
it from ceramic die parts and metal parts. An elastic body 4 consists of metal plates, such as a silicon 
lever or stainless steel. A probe 3 has a desirable length of about 0.5-5mm, and by the conventional 
probe with a cantilever, since length is 15 micrometers or less, it cannot be used for this invention as it 
is. Therefore, the probe 3 shown in (A) of drawing 4 and (B) The 5-15-micrometer probe 46 used for the 
conventional cantilever at the glass fiber metallurgy group thin line 45 is pasted up and constituted, as a 
probe of other composition As are shown in (C) of drawing 4 and the nose of cam of the glass fiber 
metallurgy group thin line 45 is shown in what ********** e d and was radicalized, and (D) of drawing 
4 At the end of the glass fiber metallurgy group thin line 45, a whisker needle crystal [zinc-oxide 
whisker (length : 2-200 mum), A silicon-carbide whisker (length : 5-200 mum), the thing which pasted 
up and constituted silicon-nitride whisker (length : 5-200 mum)]47 can be used. 
[0024] 

[Effect of the Invention] As explained based on the example above, when measuring by making a probe 
approach the sample currently held in the liquid according to this invention, an elastic body can perform 
easily non contact mode measurement which lessens distortion given to a sample to samples, such as a 
cell [ having lived / which did not touch the liquid front face holding the sample with, therefore was held 
in the liquid ]. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 4] 
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